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The Progression of Life in the Sea. 

By E. J. Allen, D.Sc., F.R.S. 


D IFFERENT views are still held as to where life 
in the world had its origin, but no one questions 
that it began in close connexion with water. That it 
began in the sea, where the necessary elements were 
present in appropriate concentrations and in an ionised 
state, is an idea which appeals to many with increasing 
force the more closely it is examined. This view' has 
been developed recently by Church 2 in his memoir 
on “ The Building of an Autotrophic Flagellate,” in 
which he boldly attempts to trace the progression from 
the inorganic elements present in sea-water to the 
unicellular flagellate in the plankton phase, floating 
freely in the water. The autotrophic flagellate, manu- 
facturing its own food, he regards as the starting-point 
from which all other organisms, both plants and 
animals, have sprung. To understand the first step 
in this progression, the passage from the dead inorganic 
to the living organic remains, is as it has always been, 
one of the great goals of science, not of biological science 
alone, but of all science. Recent research lias, I think- 
thrown much light on the fundamental problems ini 
volved. In a paper published last year, Baly, Heilbron, 
and Barker, 3 extending and correcting previous work 
by Benjamin Moore and Webster, 4 have shown that 
light of very short wave-length (A = 200 ^p.), obtained 
from a mercury-vapour lamp, acting upon water and 
carbon dioxide alone, is capable of producing formalde¬ 
hyde, with liberation of free oxygen. Light of a some¬ 
what longer wave-length (A = 290 /x/t) causes the mole¬ 
cules of formaldehyde to unite or polymerize to form 
simple sugars, six molecules of formaldehyde, for 
example, uniting to form hexose. The arresting fact 
brought out in these researches is that the reactions 
take place, under the influence of light of appropriate 
wave-lengths, without the help of any catalyst, either 
organic or inorganic. Where a source of light is used 
which furnishes rays of many wave-lengths, the simple 
reaction of the formation of formaldehyde is masked 
by the immediate condensation of the formaldehyde 
to sugar, but this can be prevented by adding to the 
solution a substance which absorbs the longer wave¬ 
lengths, so that only the short ones which produce 
formaldehyde are able to act. 

When the formation of sugars is postulated, the 
introduction of nitrogen into the organic molecule 
offers little theoretical difficulty ; for not only has 
Moore 5 shown that nitrates are converted into the more 
chemically active nitrites under the influence of light 
of short wave-length, but he maintains that marine 
algae, as well as other green plants, can, under the same; 
influence, assimilate free nitrogen from the air. Baly 6 
also has succeeded in bringing about the union of 
nitrites with active formaldehyde in ordinary test-- 
tubes by subjecting the mixture to the light of a 
quartz-mercury lamp. 

1 From the presidential address delivered to Section D (Zoology) of the | 
British Association at Hull on Sept. 8. 

2 *‘ Biological Memoirs,” I. Oxford, 1919. 

3 Journ. Chem. Soc., London, vols. 119 and 120, 1921, p. 1025. Nature, 
vol. 109, 1922, p. 344 - 

1 Proc. Roy. Soc. B., vol. 87, p. 163 (1913), P- 556 (1914); vol. 90, p. 16& 
(1918). 

3 Proc. Roy. Soc. B., vol. 90, p. 158 (1918); vol. 92, p. 51 (1921). 
ft Baly, Heilbron and Hudson, Joum. Chem. Soc., London, vols. 121 
and 122, 1922, p. 1078. 
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If these results of the pure chemist are justified/they 
go far towards bridging the gap which has separated 
the inorganic from the organic, and make it not too 
presumptuous to hazard the old guess that even to-day 
it is possible that organic matter may be produced in 
the sea and other natural waters without the inter¬ 
vention of living organisms. We may note here, too, 
that if we take account of only the most accurate 
and adequately careful work, the actual experimental 
evidence at the present time requires the presence of 
a certain amount of organic matter in the culture 
medium or environment before the healthy growth of 
even the simplest vegetable organism can take place. 

Let us then assume that we are allowed to postulate 
in primitive sea-water or other natural water organic 
compounds formed by the energy of light vibrations 
from ions present in the water, and see how we may 
proceed to picture the building up of elementary 
organisms. Without doubt the evolutionary step is 
a long and elaborate one, for even the simplest living 
organism is already highly complex both in structure 
and function. As the molecules grew more complex 
by the progressive linkage of the carbon atoms of newly 
formed carbohydrate and nitrogenous groups, we must 
suppose that the organic substance, for purely physical 
reasons, assumed the colloidal state, and at the same 
time its surface-tension became somewhat different 
from that of the surrounding water. With the assump¬ 
tion of the colloidal state, the electric charges on the 
colloidal particles would produce the effect of adsorption 
and fresh ions would be attracted from the surrounding 
medium, producing a kind of growth entirely physical 
in character. We thus arrive at the conception of a 
mass of colloidal plasma differing in surface-tension 
from the water and increasing in size by two processes, 
one chemical, due to linkage of carbon atoms ; the 
other physical, brought about by the adsorption of 
ions by the colloidal particles. 

The difference of surface-tension would tend to make 
the surface a minimum and the shape of the mass 
spherical. On the other hand, maximum growth would 
demand maximum exchange with the surrounding 
medium, and hence maximum surface. From the 
antagonism of these two factors, surface-tension and 
growth, there would follow, first, the breaking up of 
the mass into minute particles upon the slightest 
agitation, and, secondly, changes of form wherever 
growth involved local alterations of surface-tension ; 
the latter would represent the first indication of the 
property of contractility. 

So far we have considered only the process of the 
building up .of the elementary plasmic particles, the 
anabolic process. Church, whose memoir already 
referred to I am now closely following, points out that 
these anabolic operations must from the beginning 
have been subject to the alternations of day and night, 
for during the night the supply of external energy is 
removed. “If. during the night,” he asks, “ the 
machine runs down, to what extent may it be possible 
so to delay the onset of molecular finality that some 
reaction may continue, at a lower rate, until the 
succeeding day ? ” And his answer is : “ The suc- 
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cessful solution of this problem is defined physiologically 
by the introduction of the conception ‘ katabolism,’ 
as implying that energy derived from the ‘ breaking 
down ’ of the plasma itself , . . may be regarded .as 
a ‘ secondary engine/ functional in the absence of 
light, and evolved as a last resort in failing plasma.” 
Katabolism persists as the ultimate mechanism in the 
physiology of animal as contrasted with plant life, but 
if the suggestion just quoted is sound it originated, as 
the first “ adaptation ” of the organism, to meet the 
factor of recurring night and day. That the problem 
was successfully solved we know, but as to the mechan¬ 
ism of its solution we have no key. It is at this point, 
again to use Church’s words, that the “ plasma, 
previously within the connotation of chemical proteid 
matter, becomes an autotrophic, increasingly self- 
regulated, and so far individualised entity, to which 
the term 1 life ’ is applied.” 

The elementary plasma is thus now fairly launched 
as an individual living organism, and the great funda¬ 
mental problems of biology—memory, heredity, varia¬ 
tion, adaptation—face us at each step of our further 
progress. We see in broad outline the conditions the 
advancing organism had to meet, we see the means 
by which those conditions were in fact met, we know' 
that only those individuals survived which were able 
to meet them. Further than this we, the biologists 
of to-day, have not advanced. The younger genera¬ 
tion will pursue the quest, and, with patient effort, 
much that now lies hidden will grow' clear. 

The differentiation of the growing particles of plasma 
into definite layers, which followed, seems natural; 
first the external layer, in molecular contact with the 
surrounding water, from which it receives substances 
from outside in the form of ions, and to which it 
itself gives off ions ; beneath this the autotrophic 
layer to which light penetrates, and in which, under 
the influence of the light, new organic substance is 
built up ; in the centre a layer to which light no longer 
penetrates. This central region, the nucleus, depends 
entirely on the peripheral layers for its own nutrition, 
and becomes itself concerned only with katabolic pro¬ 
cesses, those processes of the organism which depend 
upon the breaking down, and not the building up, of 
organic substance. 

At an early stage in the development of the in¬ 
dividual organism the spherical shape, which the 
organic plasma was compelled to assume under the 
influence of surface-tension, underwent an important 
modification, the effect of which has impressed itself 
upon all later developments. A spherical organism 
floating in the water and growing under the direct 
influence of light would obviously grow more rapidly 
on the upper side, where the light first strikes it, than 
it would on the lower side away from the light. There 
followed, therefore, an elongation of the sphere in the 
vertical direction, and the definite establishment of an 
anterior end, the upper end which lay towards the 
light and at which the most vigorous growth took 
place. In this way there was established a definite 
polarity, which has persisted in all higher organisms, 
a distinction between an anterior and a posterior end. 
With the concentration of organic substance which 
took the form of nucleus and reserve food supply, the 
specific gravity of the plasma would become greater 
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than that of the surrounding water and the organism 
would tend to sink. The necessity, therefore, arose 
for some means of keeping it near the surface, that 
it might continue to grow under the influence of light. 
The response to this need, however it was attained, 
came in the development of an anterior flagellum. 
This we may regard as an elongation in the direction 
of the light nf a contractile portion of the external 
layer, moving rhythmically, which by its movement 
counteracted the action of gravity, and acting as a 
tractor drew the primitive flagellate upwards towards 
the surface layers, into a position where further growth 
was possible. With the establishment of the flagellum 
an organ is produced which shows remarkable per¬ 
sistence in both the animal and vegetable kingdoms, 
and from the existence of the flagellated spermatozoon 
in the higher vertebrates, in accordance with Haeckel’s 
biogenetic law that the individual in its development 
repeats or recapitulates the history of the race, we 
conclude that they also in. their earliest history passed 
through a plankton flagellate phase. 

Exactly at what stage in the history of the auto¬ 
trophic flagellate the first formation of chlorophyll and 
its allied pigments took place we have no means of 
determining, but it may have been before even the 
flagellum itself had begun. This advance and the 
subsequent concentration of the pigments into definite 
chromatophores or chloroplasts doubtless increased 
immensely the efficiency of the organism in producing 
the food which was necessary to it. The recent work 
of Baly and his collaborators becomes here again of 
the first importance, and though the subject of the 
part played by chlorophyll in photosynthesis belongs 
rather to botany and chemistry than to zoology, I 
may perhaps, for the sake of completeness, be allowed 
to refer to it very briefly. I have already said that 
Baly brought about the synthesis of formaldehyde 
from carbon dioxide and water under the influence of 
rays of very short wave-length (A = 200 jip) from a 
mercury-vapour lamp. He was also able to show that 
when certain coloured substances were added to the 
•solution of carbon dioxide in water the same reaction ■ 
took place under the influence of ordinary visible 
light. His explanation of this process is that the 
coloured substance known as the photocatalyst absorbs 
the light rays and then itself radiates, at a lower infra¬ 
red frequency corresponding to its own molecular 
frequency, the energy it has absorbed. At this lower 
frequency the energy thus radiated is able to activate 
the carbonic acid, so that the reaction leading to the 
formation of formaldehyde can and does take place. 
In the living plant this synthesised formaldehyde 
probably polymerises at once to form sugars. 

Malachite green and methyl orange, as well as other 
organic compounds, were found to act as photocatalysts 
capable of synthesising formaldehyde, and Moore and 
Webster’s work had previously showm that inorganic 
substances, such as colloidal uranium oxide and colloidal 
ferric oxide, can do the same. Chlorophyll in living 
plants may with some confidence be assumed to operate 
in a similar way, though no doubt the series of events 
is more complex, since the green pigment itself is not 
a single pigment, and others, such as carotin and 
xanthophyll, are also concerned. 

We have tried to picture the gradual building up 
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from elements occurring in sea-water of a chlorophyll¬ 
bearing flagellate, capable of manufacturing its own 
nourishment and able to multiply indefinitely by the 
simple process of dividing in two. If we assume only 
one division during each night as a result of the day’s 
work in accumulating food material, such an organism 
would be able in a comparatively short space of time 
to occupy all the natural waters of the world. But 
here we are met by a difficulty which is not easily 
overcome. Chlorophyll, the photocatalyst, the most 
essential factor in the building up of the new organic 
matter, is itself a highly complex organic substance, 
and in any satisfactory theory its original formation 
and its constant increase in quantity must be accounted 
for. Lankester 7 has maintained that chlorophyll must 
have originated at a somewhat late stage in the develop¬ 
ment of organic life, and has suggested that earlier 
organisms may have nourished themselves like animals 
on organic matter already existing in a non-living 
state. An alternative hypothesis, which in view of 
the recent work seems more attractive, is to suppose 
that the earlier organisms were either activated by 
some simpler photocatalyst, or that they received the 
necessary energy at suitable frequency directly from 
some outside source. 

It must not be forgotten, also, that at the time 
these developments were taking place the conditions 
of the environment would in many ways have been 
different from those now existing in the sea. One 
suggestion of special interest that has been made 8 
is that the concentration of carbon dioxide in the 
atmosphere, and hence also in natural waters, was 
very much greater than it is to-day. Free oxygenj 
indeed, may have been entirely absent, and all - the 
free oxygen noW present in the air may owe its exist¬ 
ence to the subsequent splitting up of carbon dioxide 
by the action of plant life. With such possibilities 
of differences in the conditions in this and in so many 
other directions, may we not be well satisfied if, for 
the time, we can say that the formation of carbon 
hydrates and proteids has been brought within the 
category of ordinary chemical operations, which can 
occur without the previous existence of living sub¬ 
stance ? 

To return once more, however, to the free-swimming, 
autotrophic flagellate. In the early stages of its 
history the loss caused by sinking, and so getting 
below the influence of light and the possibility of 
further growth, must have been enormous. .We may 
conceive a constant rain of dead and dying organisms 
falling into the darker regions of the sea, and thus 
a new field would be offered for the development of 
any slight advantages which particular individuals 
might possess. Under such conditions we may sup¬ 
pose that the holozoic or animal mode of nutrition 
first began in the absorption of one individual by 
another one, with which it had chanced to come into 
contact. If the one individual were more vigorous 
and the other moribund we should designate the 
process “ feeding,” and the additional energy obtained 
from the food might well cause the individual to sur¬ 
vive. If the two individuals which coalesced were 
both sinking from loss of vigour, the combined energy 

7 “ Treatise on Zoology,” Part I., Introduction. London, 1909. 

6 Carl Snyder, “ Life without Oxygen,” Science Progress, vol. vi., 
1912, p. 107. 4 
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of the two might make possible a return to the upper 
water layers, where, under the influence of light, growth 
and multiplication would proceed, and we should, 
I suppose, designate, the- coalescence “ conjugation,” 
or sexual fusion. 

Other individuals, again, sinking in shallow water, 
would stick to solid objects on the sea-floor, w'hile 
the flagellum continued to vibrate. The current pro¬ 
duced by the flagellum under these conditions would 
draw' towards the organism dead and disintegrating 
remains of its fellows, and again we should have inges¬ 
tion and animal nutrition. At this stage we witness 
the definite passage from plant to animal life. A 
further stage is seen W'hen a cup-like depression to 
receive the incomjng particles of food is formed at 
the base of the flagellum, to be followed still later by 
a definite mouth, 

The transformation from the plant to the animal 
mode of feeding can be seen in action by studying 
actual organisms which exist to-day. In the course 
of my work on the culture of plankton organisms 
there has flourished in the flasks, on several occasions, 
a small flagellate belonging to the group of chryso- 
monads,-which was first described by Wysotzky under 
the name of Pedinella hexacostata, and to which I 
directed the attention of Section D at the Cardiff Meeting 
in 1920. The general form of Pedinella resembles that 
of the common Vorticella, but its size is much smaller. 
The body, which is only, about 5^ in diameter, is 
shaped like the bowl of a wine-glass, and from the 
base of the bowl, which is the posterior end, a short, 
stiff stalk extends. From the centre of the anterior 
surface there arises a single long flagellum, surrounded 
at a little distance by a circle of short, stiff, proto¬ 
plasmic hairs. Arranged in an equatorial ring just 
inside the body are six or eight brownish-green chromato- 
phores or chloroplasts. In a healthy culture Pedinella 
swims about freely by means of a spiral movement 
of the flagellum, which functions as a tractor, the 
stalk trailing behind. The chromatophores are large, 
brightly coloured, and well developed, and the organism 
is obviously nourishing itself after the manner of a 
plant, like any other chrysomonad. But from time 
to time a Pedinella will suddenly fix itself by the 
point of the trailing stalk. The immediate effect of 
this fixing is that a current of water, produced by the 
still vibrating flagellum, streams towards the anterior 
surface of the body, and small particles in the water, 
such as bacteria, become caught up on the anterior 
surface, the ring of fine stiff hairs surrounding the 
base of the flagellum being doubtless of great assist¬ 
ance in the capture of this food. One can clearly see 
bacteria and small fragments of similar size engulfed 
by the protoplasm of the anterior face of the Pedinella 
and taken into the body. The organism is now feeding 
as an animal. In some of the cultures in which bacteria 
were very plentiful nearly all the Pedinella remained 
fixed and fed in the animal way, and when this was 
so the chromatophores had almost disappeared, though 
they could still be seen as minute dark dots. We can, 
as it were, in this one organism, see the transition 
from plant to animal brought about by the simple 
process of the freely swimming form becoming fixed. 

In, the group of dinoflagellates, also—the group to 
which the naked and armoured peridinians belongs 
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the same transition from plant to animal nutrition can 
be well followed by studying different members of 
the group. In heavily armoured forms, with a rich 
supply of chromatopbores, nutrition is chiefly plant¬ 
like or holophytic. In those with fewer chromato- 
phores there is, on the other hand, often distinct 
evidence of the ingestion of other organisms, and 
nutrition becomes partly animal-like. Among the 
naked dinoflagellates such holozoic nutrition is very 
much developed, and in many species has superseded 
entirely the earlier method of carbonic acid assimila¬ 
tion. 

It is surprising how many structural features found 
in higher groups of animals make their first appearance 
in these naked dinoflagellates in conjunction with this 
change of nutrition, and we seem to be led directly 
to the metazoa, especially to the coelenterata. In 
Polykrikos there are well-developed stinging cells or 
nematocysts, as elaborately formed as those of Hydra 
or the anemones. In Pouchetia and Erythropsis well- 
developed ocelli are found, consisting of a refractive, 
hyaline, sometimes spherical lens, surrounded by an 
inner core of red pigment and an outer layer of black ; 
the whole structure is comparable to the ocelli around 
the bell of a medusa. In Noctiluca and in the allied 
genus Pavillardia a mobile tentacle, which is doubtless 
used for the capture of food, is developed. Division 
of the nucleus, with the formation of large, distinct 
chromosomes, has also been described in several of 
these dinoflagellates. With the tendency of the cells 
in certain species to hold together after division and 
form definite chains we seem to approach still nearer 
to the metazoa, until, finally, in Polykrikos we reach 
an organism which may well have given rise to a 
simple, pelagic coelenterate. It is difficult to resist 
the suggestion put forward by Kofoid 9 in his recent 
monograph, that if to Polykrikos, with its continuous 
longitudinal groove which serves it as a mouth, its 
multicellular and multinucleate body and its nemato¬ 
cysts, we could add the tentacle of Noctiluca, and 
perhaps also the ocellus of Erythropsis, “ we should 
have an organism whose structure would appear 
prophetic of the coelenterata and one whose affinities 
to that phylum and to the dinoflagellata would be 
patent.” Or it may be that the older view is the 
correct one here, and that the first coelenterate came 
from a spherical colony of simple holozoic flagellates, 
arranged something on the plan of Volvox, in which 
the posterior cells of the swimming colony, in the 
wake of which food particles would collect, had become 
more specialised for nutrition than the rest. 

As a purely plankton organism, swimming freely 
in the water, the progress of the coelenterate was not 
great, and reached, so far as we know, no further 
than the modern ctenophore: The ctenophore seems 
to represent the culminating point of the primary 
progression of pelagic animals, which derived directly 
from the autotrophic flagellate. Further evolution 
was associated with an abandonment of the pelagic 
habit by a coelenterate-like animal, and the establish¬ 
ment of a connexion with the sea-bottom, either by fix¬ 
ing to it, by burrowing in it, or by creeping or running 
over it. At a later stage many of the animals which 

9 Kofoid and Swezy, “ The Free-living Unarmoured Dinoflagellata.” 
Mem. Univ. California, 1921. 
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had become adapted to these modes of life developed 
new powers of swimming, and thus gave rise to the 
varied pelagic life w'hich we find in the sea to-day; 
but this must be regarded as secondary, the primary 
pelagic life, so far as adult animals were .concerned, 
having ended with the evolution of the ctenophore. 10 
Such is the teaching of embryology, the history of 
the rac£ being conjectured from the development of 
the individual. In group after group of the animal 
kingdom, when the details of its embryology become 
known, the indications are the same—first the active 
spermatozoon, reminiscent of the plankton flagellate, 
then the pelagic larval stage, recalling the coelenterate, 
and then a bottom-living phase. 

It is in a ctenophore-like ancestor that we find the 
line of development to higher animal groups, and this 
ancestor must have been at one time widely distributed 
in the seas. Its immediate descendants-are familiar 
to' every zoological student in the well-known series 
df pelagic larval forms. Muller’s larva, taking to the 
bottom, and in its hunt for. food gliding over hard 
surfaces with its cilia, led to the flatworms; the 
Pilidium, developing a thread-like body and creeping 
into cracks and crevices to transfix its prey, gave, 
rise to the nemertines. A trochophore, burrowing 
in soft mud and sand, developed a segmented body 
which gave it later the power of running on these 
soft surfaces, and became an annelid worm. Another, 
trochophore, developing a broad, muscular foot, crept 
on the sand, and afterwards buried itself beneath it 
as a lamellibranchiate mollusc, or migrated on to 
harder surfaces as the gastropod and its allies. Pluteus, 
Bipinnaria, Auricularia, first fixing, as the crinoids 
still do, and developing a radial symmetry, afterwards 
broke free and wandered on the bottom as sea-urchin*, 
star-fish, and cucumarian. Tornaria developed into 
Balanoglossus, the structure of which hints to us that 
the ascidians and vertebrates came from a similar 
stock. All the phyla thus represented derive directly, 
from the free-swimming ctenophore-like ancestor, and. 
only one considerable group, the arthropods, remains 
unaccounted for. The evolutionary history of an 
arthropod is, however, not in doubt. Its marine 
representatives, the trilobites and Crustacea, came, 
directly from annelids, which, after their desertion 
-of a pelagic life to burrow in the sea-floor and run. 
along its surface, again took to swimming, and not 
only stocked the whole mass of the water with a rich 
and varied life of copepods, Cladocera, and schizopods, 
but gave rise to amphipods, isopods, and decapods, 
-groups equally at home when roaming on the bottom 
tor swimming above it. ■ 

. Another important addition to the pelagic fauna we. 
should also notice here. From the molluscs, creeping 
on solid surfaces, sprang a group of swimmers, the 
cephalopods, which have grown to sizes almost un¬ 
equalled amongst the animals of the sea. 

.. ( All these invertebrate phyla had become established 
and most of them had reached a high degree of de¬ 
velopment in the seas of Cambrian times: Among 
animals then living there are many which have survived 
;with little change of form until to-day. One is almost 
tempted to suggest that the life which the sea itself 

10 There is perhaps a possibility that further knowledge of the embryology 
of Sagitta and its allies might make it necessary to modify this suggestion. 
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could produce was then reaching its summit and be¬ 
coming stabilised. Since Cambrian times geologists 
tell us some thirty million years 11 have passed, a stretch 
of time which it is really difficult for our imaginations 
to picture. During that time a change of immense, 
moment has happened to the life of the sea; but if 
we read the signs aright, that change had its origin 
rather in an invasion from without than in an evolution 
from within. From whence came that tribe of fishes 
which now dominates the fauna of the sea ? It -would 
be rash to say that we can give any but a speculative 
reply to the question, but the probable answer seems 
to be that fishes were first evolved not to meet conditions 
found in the sea, but to battle with the swift currents 
of rivers, where fishes almost alone of moving animals 
can to this day maintain themselves and avoid being 
swept helplessly away. 12 It was in response to these 
conditions that elongate, soft-bodied creatures, which 
had penetrated to the river mouth, developed the 
slender, stream-lined shape, the rigid yet flexible 
muscular body, the special provision for the supply of 
oxygen to the blood to maintain an abundant stock 
of energy, and all those minute perfections for effective 
swimming that a fish’s body show's.. The fact that 
many sea fishes still return to the rivers, especially for 
spawning, supports this view, and it is in accordance 
with Traqnair’s classical discoveries of the early fishes 
of the Scottish Old Red Sandstone, which were for the 
most part fresh- and brackish-w'ater kinds. 

Having developed, under the fierce conditions of 
the river, their speed and strength as swimmers, the 
fishes returned to the sea, where their new-found 
powers enabled them to roam over wide areas in search 
of food, and gave them such an advantage in attack 
and defence that they became the predominant iflh 
habitants of all the coastal waters, and as such they 
remain to-day. 

The other great migration of the fishes, also, the 
migration from the water to the land, giving rise to 
amphibians, reptiles, birds and mammals, must not 
be left out of account. The whales, seals, and sea-birds 
which, after developing on land, returned again to the 
waters and became readapted for life in them, are 
features which cannot be neglected. 

And so we are brought to the picture of life in the sea 
as we find it to-day. The primary production of organic 
substance by the utilisation of the energy of sunlight in 
the bodies of minute unicellular plants, floating freely in 
the w r ater, remains, as it was in the earliest times, the 
feature of fundamental importance. The conditions 
which control this production are now, many of them, 
known. Those of chief importance are (1) the amount of 
light which enters the w'ater, an amount which varies 
with the l.engtfi of the day, the altitude of the sun, and 
the clearness of the air and of the water; (2) the presence 
m adequate quantity of mineral food substances, 
especially nitrates and phosphates ; and (3) a tem¬ 
perature favourable to the growth of the species which 
are present in the water at the time. Experiments 
with cultures of diatoms have shown clearly that if 
the food-salts required are present, and the conditions 
as to light and temperature are satisfactory, other 
factors, such as the salinity of the water and the pro- 

11 Osborn, “ Origin and Evolution of Life,” 1918, p. 153, 

12 Chamberlin, quoted in Lull, “ Organic Evolution,” New York, 1917, 
p. 462, 
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portions of its constituent salts, can be varied within 
very wide limits without checking growth. The 
increased abundance of plankton, especially of diatom 
and peridinian plankton, in coastal waters and in 
shallow seas largely surrounded by land, such as the 
North Sea, is due to the supply of nutrient salts washed 
directly from the land by rain or brought down by 
rivers. An exceptional abundance of plankton in 
particular localities, which produces an exceptional 
abundance of all animal life, is also often found where 
there is an upwelling of water from the bottom layers 
of the sea. These conditions are met with where a 
strong current strikes a submerged bank, or where 
two currents meet. Food-salts which had accumulated 
in the depths, where they could not be used owing to 
lack of light, are brought by the upwelling water 
to the surface and become available for plant growth. 
The remarkable richness of fish life in such places as 
the banks of Newfoundland and the Agulhas Banks 
off the South African coast, each of which is the meeting- 
place of two great currents, is to be explained in this 
way. 

Attention has already been directed to the suggestion 
that fishes developed their remarkable .swimming 
powers in rivers in response to a need to overcome the 
currents, and that they returned afterwards to the sea, 
where they preyed upon a well-developed and highly 
complex invertebrate fauna already fully established 
there. Their speed enabled them to conquer their 
more sluggish predecessors, while they themselves were 
little open to attack. With the exception of the larger 
cephalopods, which are of comparatively recent origin, 
and were probably evolved after the arrival of the 
fishes, there are few, if any, invertebrates which capture 
adult fishes as part of their normal food. Destructive 
enemies appeared later in the form of whales and seals 
and sea-birds, which, had developed on the land and 
in the air. 

And now in these last days a new attack is made on the 
fishes of the sea, for man has entered into the struggle. 
He came first with a spear in his hand ; then, sitting 
on a rock, he dangled a baited hook, a hook perhaps- 
made from a twig of thorn bush, such as is used to. 
this day in villages on our own east cohst. Afterwards, 
greatly daring, he sat astride a log, with his legs paddled 
further from the shore, and got more. fish. He made 
nets and surrounded the shoals. Were there time we 
might trace step by step the evolution of the art of 
fishing and of the.art of seamanship, for the two were 
bound up together, till the day when the trawlers and 
drifters kept the seas for the battle fleet. 

There can be little doubt that in European seas the 
attack on the fishes in the narrow strip of coastal water 
where they congregate has become serious. A con¬ 
siderable proportion of the fish population is removed 
each year, and human activity contributes little or 
nothing to compensate the loss. We have not, however, 
to fear the practical extinction of any species of fish, 
the kind of extinction that has taken place with seals 
and whales. Fishing is subject to many natural 
limitations, and when fishing is suspended recovery will 
be rapid. There is evidence that such recovery took 
place in the North Sea when fishing was restricted by 
the war, though the increase which. was noted is 
perhaps not certainly outside the range of natural 
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fluctuations. Until the natural fluctuations in fish 
population are adequately understood, their limits 
determined, and the causes which give rise to them 
discovered, a trustworthy verdict as to the effect of 
fishing is difficult to obtain. 

If such problems as these are to be solved the in¬ 


vestigation of the sea must proceed on broadly con¬ 
ceived lines, and a comprehensive knowledge must be 
built up, not only of the natural history of the fishes, 
but also of the many and varied conditions which 
influence their lives. The life of the sea must be 
studied as a whole. 


The Efficiency of Man and the Factors which influence it. 

By Prof. E. P. Cathcart, M.D., D.Sc., F.R.S. 


T HE subject of my address—the efficiency of the 
human organism and the factors which influence 
this efficiency—is, in my opinion, one of the most 
important problems of the present day. It is a 
problem which cannot, however, be considered only 
from its physiological aspect if it is to receive adequate 
consideration; its implications are much wider, 
reaching right, down to the very basis of our daily lives. 
As I am no expert in industry or economics, I shall 
confine my attention so far as possible to the problem 
from the physiological side, and leave to others the 
sociological application. 

The term “ efficiency ” has become a mere catch¬ 
word, bandied about by people who have not the 
faintest idea of what the word connotes. Practically 
it has come to mean, to the average man in the street, 
the mythical improvement which is to be anticipated 
from some change in workshop or office organisation— 
a bigger and better result at a smaller cost. The -word 
has a very definite meaning in engineering science, 
ftnd this meaning has been transferred from the in¬ 
animate machine to the living organism. In the case 
of the engine, the problem is relatively simple, as the 
number of interfering factors is not great, but the 
solution of the problem in the case of the organism is 
beset with many difficulties, as the interfering factors 
are numerous and varied. Two types of efficiency are 
spoken of in connexion -with the animal body. One 
type is' the mechanical efficiency in the engineering 
sense, i.e. the ratio which exists between the heat 
equivalent of the external muscle work done and the 
energy output of the subject during the performance 
qf the work in question. This is a problem which has 
attracted many workers, and there seems to be a 
general consensus of opinion that the efficiency of man 
jn the performance of external work is about 20 per 
pent, gross and 25 per cent. net. The other type of 
efficiency is that which is called industrial or productive 
efficiency, where the capacity of the individual to per¬ 
form effective work is dealt with, judging the capacity 
offithe individual- by-, for example, his output in unit 
time,'. So far as the worker himself is concerned, the 
whole object in industrial efficiency is undoubtedly to 
get the greatest output with the minimum of effort. 
The determination of the mechanical efficiency is fairly 
readily carried out, but it is very difficult to get an 
accurate gauge of the industrial efficiency. At bottom 
they are closely related, and both are physiological 
problems. 

The leaders of industry have not been slow to accept 
and utilise the gains of science in the realm of inanimate 

1 From the presidential address delivered to Section 1 (Physiology) of 
the British Association at Hull on Sept. 8. 
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things, but they have been slow to recognise the fact 
that there is a science of physiology which deals with 
the man who controls the productive machinery. New 
inventions may completely revolutionise shop equip¬ 
ment, good machines may be replaced by better, and 
better by still better, but man remains almost as im¬ 
mutable as the ages. Physiological evolution is 
infinitely slow, and man has not yet become “ an 
affectionate machine-tickling aphid.” 

It is but a little more than a hundred years since 
this country was industrialised, and we are still reaping 
the aftermath of the terrible conditions which then 
reigned, when the great centres of industry tvere 
swamped with country dwellers who poured into the 
towns in the race for wealth. Few realise the hope¬ 
lessly unphysiological conditions which developed in 
the methods of work, the hours and conditions of work, 
the housing. The following citation from Robert 
Owen gives a good idea of the conditions ruling in the 
early years of last century in one of our staple in¬ 
dustries : “ In the manufacturing districts it is common 
for parents to send their children of both sexes at 
seven or eight years of age, in winter as well as summer, 
at six o’clock in the morning, sometimes, of course, 
in the dark, and occasionally amidst frost and snow, 
to enter the manufactories which are often heated'to 
a high temperature, and contain an atmosphere far 
from being the most favourable to human life, and in 
which all those employed in them very frequently: 
continue until twelve o’clock at noon, when an hour is 
allowed for dinner, after which they return to remain, 
in a majority of cases, till eight o’clock at night.” Six 
till eight, with a break of one hour : a fourteen hours’ 
day, and fifteen was not unknown. Owen, in the 
article from which I have quoted, was petitioning 
Parliament, asking what ?.. That a twelve hours’ day. 
be instituted, to include one and a half hours for meals, 
and that no child should be employed until the age of 
ten was reached. He pointed out in the course of the 
article that the results from the manufacturers’ point 
of view would be better with a twelve hours’ day (i.e. 
that the industrial efficiency, in modern words, would 
be improved). 

Yet we wonder that the offspring of stock descended 
from workers under these conditions, which certainly^ 
improved as the century advanced, but were far from 
ideal, gave the high yield of C3 lads recorded in the 
National Service Report. We might have been pre¬ 
pared for the disclosure, as the pre-war records of 
countries with conscription showed that the number 
of rejections for the Army of town and factory workers 
was far in excess of those for men drawn from country 
districts. But evidence of the state of the national 
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